Abstract. A method sometimes used to study avian intraspecific brood parasitism is to visually examine a clutch of eggs and infer parasitic egg laying if an egg of odd appearance is present in the clutch. Yet the degree to which individual females always lay eggs that look alike has seldom been evaluated quantitatively. We measured variation in egg appearance within and between 33 clutches of Barn Swallows (Hirundo rustica) and 35 clutches of Cliff Swallows (H. pyrrhonota) in southwestern Nebraska. Variables measured were egg length, breadth, shape, total amount of spotting, and degree of spotting in four separate sections of the egg. For both species within-clutch variance was significantly less than between-clutch variance for all variables except upper right and lower right spotting, when a sample size of 26-30 nests was used. Significant differences tended not to occur when small numbers of randomly selected nests (five to seven) were examined. Within-clutch variance for nests known to contain parasitic eggs did not differ from within-clutch variance for nonparasitized nests. Differences in egg appearance probably cannot be used safely to infer brood parasitism in Barn and Cliff swallows. Researchers should quantify within-vs. between-clutch variation in egg appearance before assuming that an individual of a given species always lays eggs that look more alike than do eggs from different individuals.
INTRODUCTION
sis), Fetterolf and Blokpoel(1984) demonstrated that variance in egg dimensions between females was significantly greater than that for the same female, verifying for that species the widely held assumption that odd-looking eggs in a clutch probably are in fact parasitic.
However, despite Fetterolf and Blokpoel' s (1984) work, there is little quantitative information in general on the extent of variability in egg characteristics of species believed to be intraspecific brood parasites. Whether betweenclutch variance is greater than within-clutch variance has rarely been tested, and two recent studies on Common Moorhens (Gallinula chloropus; Gibbons 1986 ) and European Barn Swallows (Hirundo rustica; Moller 1987) both relied on the assumption that a given female always lays eggs that look similar. Gibbons (1986) and Moller (1987) identified specific females as being brood parasites by comparing odd-looking eggs within a clutch to the eggs in neighboring clutches. In each study it was concluded that the neighbors were the parasites because the odd eggs presumably matched the neighbors' own eggs in appearance. While this conclusion seems reasonable in each case, neither study quantified the degree of individual variation in egg appearance within and between clutches. In support of their method, Gibbons (1986) Kendra et al. 1988) . If the terminal egg in a clutch is routinely different in appearance and the exact sequence of laying is unknown, presence of an odd egg in a clutch cannot be used with certainty to infer parasitic egg laying. Compounding this difficulty is the fact that when within-and between-clutch variation in egg dimensions were quantitatively measured in larids, there was no evidence that eggs within a clutch were similar enough in appearance to accurately infer parentage among eggs Preston 1953, Coulson 1963 
MEASURING EGG DIMENSIONS AND SPOTTING
The progress of each nesting attempt in our study colonies was observed throughout the season. Nests were numbered by writing symbols with chalk on the nearby concrete culvert wall. Nest contents were observed with a dental mirror and flashlight inserted through each nest' s narrow neck in the case of Cliff Swallows, or positioned above the open nest in the case of Barn Swallows. For each nest we knew the date that egg laying and hatching began, clutch size, whether any eggs were lost during incubation, and whether any eggs had been added, presumably through brood parasitism. A nest was considered parasitized if more than one egg appeared per day during the egglaying period (Brown 1984, Brown and Brown 1989) , or if an egg was added to a nest (presumably by physical transfer) three or more days after laying had ceased yet still hatched in syn-chrony with the clutch to which it was added (see Brown and Brown 1988) .
For Barn Swallows, eggs in all active nests in each nesting aggregation were measured. For Cliff Swallows, we attempted to randomly select nests within the colony for egg measurements. Nests from both walls of the culvert and from each end and the middle of each wall were selected. Selection of a nest was based only on the knowledge that incubation there had begun. We did not preferentially select nests in which we knew a priori that brood parasitism had occurred, nor did we select nests that previously had been inspected visually for degree of similarity in egg appearance. We believe that our sample of Cliff Swallow nests was potentially nonrandom only in that nests that were completely surrounded on all sides by other nests were inaccessible to us. Removal of eggs required our access to one side of a nest (see below), and Cliff Swallow nests in the lower tiers of nests along the culvert wall were the most easily reached. Those nests also tended to be started later in the year than the nests along the upper tiers, but we have no evidence at present that late-starting Cliff Swallows are young birds or in any other ways drastically unrepresentative of our population (Brown, unpubl. data).
A hole, only narrow enough to insert two fingers through and remove the eggs, was cut in the side of each Cliff Swallow nest about 2.5 cm above the estimated bottom of the nest. Barn Swallow eggs were simply removed by hand from the completely open nests of this species. Eggs were placed in a dish lined with a cloth, temporarily removed from the colony, photographed, and then replaced in the nest. About 5 min were required to process and photograph each clutch after the eggs were removed. After Cliff Swallow eggs were replaced, we patched the hole in the nest with mud. There was no evidence that temporary removal of eggs for photography or our cutting and then repairing holes in the sides of nests caused any adults to abandon their nests or an increase in any form of nest failure.
Our methods of photographing and measuring eggs were similar to those of Mand et al. (1986) but less elaborate. Each clutch was photographed using a Pentax KlOOO 3%mm camera with Kodachrome 64 film against the same neutral gray background and with a ruler for determination of scale. The image size of each photograph varied slightly from clutch to clutch, so the subsequent measurements for each clutch were scaled by the length of the ruler in each photograph. Photographs could be separated generally into two types by their image sizes: "small" photographs taken with the camera lens held about 50 cm from the eggs and "large" photographs taken with the camera lens held about 20 cm from the eggs. Eggs were not measured directly; all measurements were taken directly from the photographs and scaled appropriately. All measurements of egg images in the photographs were made to the nearest 0.05 cm. Egg dimensions measured were length, the longest axis of the egg; breadth, the widest point perpendicular to the length; and shape, based on the classical shape index of transverse diameter x loo/length (e.g., This test was one-tailed because we had a priori reason to suspect that the variance for parasitized nests was higher.
All statistical analyses were performed on a Macintosh SE personal computer using the SYS-TAT statistical package (Wilkinson 1987) or on a Texas Instruments 59 programmable calculator. Significance was set at P = 0.050.
RESULTS
Measurements on Cliff Swallow clutches were made blind as to whether the clutches had received parasitic eggs. Thus, knowledge of parasitism in a nest did not bias our measurements of egg dimensions and degree of spotting. Eggs were not marked as they were laid, and therefore we had no information on how sequence of laying might have affected variability in egg appearance for these species. Average within-clutch variance for each variable was calculated for Cliff Swallow clutches known to have been parasitized by conspecifics (n = 5) and for clutches in which parasitism was Within-clutch variance for each variable reflects the degree to which the same individual lays eggs that look alike, whereas between-clutch variance reflects the degree to which different individuals lay eggs that look alike. Within-and between-clutch variances for each variable, the F values, and tests of significance for each are shown in Tables 1 and 2 . Although all measurements for all clutches regardless of egg image size in the photographs were standardized by scaling, we separated the clutches for analysis based on small (Table 1 ) and large (Table 2) photographs. This was done because spots were more visible on the photographs with larger images, and some spots may have been overlooked on the eggs represented by smaller images. Separating the clutches by approximate image size resulted in two separate data sets for each species, one relatively large and one relatively small in size. Other than photographic image size, there were no other a priori differences among these nests; thus, we also used these separate data sets to evaluate (Tables lA, 2B ). In contrast, when the data sets with the smaller sample sizes were considered, within-and between-clutch variance differed significantly only for egg breadth in Cliff Swallows (Table 2A) . There were no significant differences among variances for any of the variables in Barn Swallows (Table 1 B) . Finding significant differences (Tables lA, 2B) apparently was unrelated to the image size of the photographs, because for Cliff Swallows the majority of significant differences resulted from data taken from small photographs, whereas for Barn Swallows all significant differences resulted from data taken from large photographs. This suggests that sample size probably had the greatest effect on whether within-and between-clutch variances were found to differ significantly in these species.
When we compared average within-clutch variances for Cliff Swallow nests known to have been parasitized by conspecifics with those for nests not known to have been parasitized, within-clutch variance was significantly greater (barely) in parasitized nests for only one of the eight variables (Table 3) . Thus, nests with known parasitic eggs in general did not show more withinclutch variation in egg appearance than nonparasitized nests.
DISCUSSION
Our results suggest that an individual female Cliff or Barn swallow can lay eggs that look more alike than do the eggs of different females. If a sample size on the order of 26-30 nests is obtained, one can demonstrate a statistical likelihood that eggs within-clutch variance in a given nest is not low within a clutch are more similar in appearance enough on average to reliably know that a nest than eggs from different clutches. has suffered parasitism if an odd egg is present. We urge caution for three reasons, however, in using these results to infer parasitic egg laying in Cliff and Barn swallows. First, although the within-and between-clutch variances differed significantly (Tables lA, 2B ), the relative magnitudes of these variances were small. Egg dimensions and degree of spotting often differed almost imperceptibly among eggs and clutches, making us uncomfortable in subjectively assigning parentage of eggs within a clutch based on these small differences. Shape differed the most among eggs and of the variables we measured was probably the most reliable indicator of parentage. Given the small degree of differences among eggs, assigning presumed parasitic eggs as being laid by specific neighboring females seems potentially inaccurate (cf. Moller 1987).
Third, there was no consistent pattern of greater within-clutch variance for Cliff Swallow nests known to have been brood-parasitized (Table 3) . This suggests that within-clutch variance in nonparasitized nests is high enough to mask any effect parasitic eggs might have on within-clutch variance. Thus, detection of these parasitic eggs based solely on egg appearance would be unlikely in this sample. The fact that we were unable to detect greater within-clutch variance for parasitized nests with this relatively small sample of nests known to have been parasitized (five) underscores the importance of sample size on the probability of detecting differences in variances. Thus these data suggest that egg characteristics may be only partly useful in discriminating parentage among eggs in Prairie Warbler clutches. We conclude that researchers should not as-LITERATURE CITED sume that parasitic eggs within a clutch can be safely inferred based on differences in dimensions or degree of spotting. Even though statistically significant differences existed among variances when a large sample of swallow clutches was considered, for reasons discussed above egg appearance is probably unreliable and unsuitable for inferring intraspecific brood parasitism in Barn and Cliff swallows. For Cliff Swallows especially, the unreliability of this method does not justify the increased time necessary to cut through nests, remove and measure eggs, and subsequently repair nests. If egg characteristics are to be used in other species to infer intraspecific brood parasitism or to assign parasitic eggs to specific individuals, a quantitative analysis of within-vs. betweenclutch variance in egg appearance should be undertaken as a prelude to any such study. Withinclutch variation must be so low that any given nest will differ significantly from any potential group ofnests (e.g., its neighbors). The variability within and between clutches must be measurably large enough for visual discrimination by humans. Studies of intraspecific brood parasitism that do not present quantitative measures of variance (e.g., Gibbons 1986, Moller 1987) must be viewed with caution. Furthermore, not considered in our study is the fact that some species lay a terminal egg very different in appearance from the others and that a female' s age may affect how her eggs look (e.g., Preston and Preston 1953, Gemperle and Preston 1955, Richdale 1955 , Koskimies 1957 , Coulson 1963 , Nolan 1978 , Lowther 1988 ). Timing of laying is a confounding factor which could potentially lead to high within-clutch variation and thus to inaccuracies in inferring parasitism based solely on egg appearance, a point also made by Lowther (1988) . Whether individuals lay odd-looking terminal
